Introduction
After the publication of the paper of De Bolster [1] concerning the complexes of TRIPA: ((CH3)2N)2P-(0)N(CH3)P(0)N(CH3)2N(CH3)P(0)(N(CH3)2)2,with some first row transition metals salts, only a few articles about tridentate P-0 ligands have appeared. Bronzan [2] mentioned complexes of Zr and Hf with (Ph2P(0)CH2)2P(0)R, R being C6H5, OH or OC2H5. Herceg [3] resolved the structure of Cu(C104)2L2(Et0H)2, with L being the OC2H5 derivative of Bronzan's ligand. In this complex only two oxygen atoms from each ligand are coordinated.
Continuing the work of De Bolster, we started investigations with TRIPA as a complexing agent and the lanthanides as central ions. In this paper the first results are presented.
While we finished this paper an article appeared by Scholer [21] concerning lanthanide Perchlorate complexes of TRIPA, Ln(C104)3(TRIPA)3.
Experimental

Starting materials
The hydra ted metal salts and solvents w T ere commercially available and used without further purification.
* Reprint requests to Drs. J. C. P. M. Lapidaire. 0340-5087/80/0500-0607/$ 01.00/0
Preparation of the ligand
TRIPA was prepared by a modification of the method of Sprangers [4] . Starting from POCl3, PO(NMe2)3, CH3NH2 and (CH3)2NH.HC1, the basic materials, POCl2NMe2(I) [7] and PO(NMe2)2NMeH-(II) [8] , are made [4] [5] [6] [7] [8] [9] [10] [11] for the actual synthesis of TRIPA. One of these products, II, was not purified by destilation as prescribed, but by dilution with diethylether. The product decomposes rapidly at elavated temperatures.
Synthesis of TRIPA
((Me2N)2P(0)NMe)2P(0)NMe2, formula 0i2H36N7O3P3. A typical run is as follows. In 500 ml absolute xylene 0.5 mole NaH is suspended. A slight excess of NaH is permitted. The NaH was available as a 55-60% suspension in mineral oil. Care has to be taken to exclude all moisture. The mixture is constantly stirred, heated on a waterbath to 60 °C and maintained at that temperature during the whole reaction. A solution of 0.5 mole II in 250 ml absolute xylene is added dropwise in about two hours. The sodium salt of II and H2 are formed. The gas is collected in order to follow and control the reaction. Without isolation of the salt the last step is performed. To the reaction mixture a solution of 0.25 mole I in 250 ml absolute xylene is added dropwise in about 30 minutes. TRIPA and NaCl are formed. Afterwards the reaction mixture is refluxed for 15 min, cooled to room temperature and the NaCl filtered off. The xylene is removed by means of a vacuum film evaporator. A light brown, transparent, viscous oil remains, consisting mainly of TRIPA.
Upon standing a part of the TRIPA crystallises, if necessary after addition of a seeding crystal. The crystals are filtered off and the mother liquor is extracted with hot, dry petroleum ether (boiling point 80-100 °C) to obtain an extra yield of TRIPA. After combination of the crystals and the extraction fractions, the product is recrystallised from petroleum ether. A total yield of 50 g (50%) of pure TRIPA was obtained. Pure TRIPA is very hygroscopic. See Tables II, IV , V and Fig. 1 for IR, NMR and analytical data. 
Physical constants
Preparation of
TRIPA.H20 In case moisture is not rigorously excluded during recrystallisation the compound TRIPA.H20 will crystallise from the solution instead of TRIPA itself. TRIPA.H20 is no longer hygroscopic.
Physical constants
m.p. 88-89 °C. See Tables II, IV , V and Fig. 1 for IR, *H NMR and analytical data.
Preparation of the complexes
The complexes were all prepared following an identical procedure, using acetone or nitromethane as the solvent (see Table I ). The solvents were dried on molecular sieves 3 Ä prior to use. TRIPA (used in amounts of about 1 g) was dissolved in the solvent, adding a few drops of trimethylorthoformate (Meof) for dehydration [12] . The appropriate amount of the hydrated metal nitrate was dissolved in the same solvent, adding sufficient Meof to remove the crystal water [12] . The used metal to ligand ratios are given in Table I . Both solutions were filtered and the ligand solution was poured into the nitrate solution. Upon standing crystals of the complex appeared, if not, the solutions were concentrated or small amounts of diethylether (dried on KOH) were added. The deposit of crystals was isolated, washed with ether and dried in vacuo at 50 °C. All complexes were more or less hygroscopic and decomposed without melting above 150 °C.
Measurements
Semimicro metal analyses were carried out by complexometric titrations [13] . Elemental analyses were carried out by the Microanalytical Department of the Organisch Chemisch Instituut TNO, Utrecht, The Netherlands, and Mikroanalytisches Laboratorium Dr. F. Pascher, Bonn, Federal Republic of Germany. Infrared spectra were recorded on a Perkin Elmer 580 Infrared Spectrophotometer (4000-200 cm -1 ) using nujol mulls between KBr and polythene windows. NMR spectra were taken on a Jeol PTF-100 System and a JEOL PS-100 Spectrometer. The X-ray diffraction patters were recorded on a Philips automatic diffractometer using CuKa-radiation.
Results
The complexes concerning the present work are listed in Table I, 
Infrared Spectra
Solvent molecules: (See Table III Table III ). In the complexes M(N03)3(TRIPA)3(acetone) the symmetrical The presence of the n mode as a weak band indicates that one kind of these N03 _ ions is coordinated to the central ion. In Y(N03)3(TRIPA) there is also more than one kind of N03~ ions present, as here the vi and bands are both split. One kind of these N03~ ions acts as a bidentate ligand towards yttrium. The asymmetric stretching mode, v3, is split [18] (1292 and 1510 cm-i). The presence of the very weak combination band vi~\~v4 at 1770 to 1740 cm -1 points in the same direction [16, 17] .
Anion vibrations: (See
Ligand vibrations:
The absorption wave numbers of the ligand are given in Table IV and illustrated in Fig. 1 . The IR spectra of the free ligand and its complexes consist of 8 bands in the region 1400 to 450 cm-1 (I to VIII in Table IV) . A number of these bands is very complex [16, 19] . e.g. the bands around 1200, 750 and 500 cm-1 . This is illustrated by the changes in the spectrum upon coordination. The assignment of the bands is based upon the analogy with HMPA and NIPA [16] . Regarding the complexity of most bands, the assignment is only tentative. Some assignments could be interchanged. The most interesting bands are those at 1235 and 505 cm -1 , P-0 stretching and bending modes. In the complexes these bands are shifted to lower and higher energy, respectively. This indicates, that coordination has occured via all three oxygen atoms of TRIPA [1, 16] . The complexes M(N03)3(TRIPA)3-(acetone) are exceptions. A strong band is present at 1222 cm -1 , indicating that in these compounds not all the oxygens of TRIPA are coordinated. This strong band cannot be ascribed to a C-N stretching vibration alone [21] . Regarding the TRIPA part of the spectra only, there are four different groups of complexes.
NMR spectra: In Table V the results of the NMR experiments are listed. In TRIPA there are four kinds of protons, A, B, C and D. The spectrum consists of a quartet due to the imido protons B, a doublet due to the central amido protons A and two doublets due to the terminal amido protons C and D. On each terminal P atom there is an amido group with C type protons and an amido group with D type protons. The non-equivalence of protons 0 and D arises from their unequal stereochemical position. In an 80 MHz X H NMR spectrum the signals from protons A and C or D coincide [21] .
The difference between the NMR spectra of the complexes are small but apparent. In the complexes containing solvent molecules, there are extra absorptions belonging to these solvent molecules [20] . The integrated intensities confirm the given stoichiometrics. Table III ; I -band consists at least out of these modes; ] = structured band. a Numbers according to Table I ; b see text and ref. [16] ; c in 4, 5, 6 shoulder at 1318; d shoulder more clear at 4, 5, 6; e very odd shaped band; f sometimes split up; « more clear shoulder in 6-11. Table I The difference between group 2 and 4 is not only the inclosed solvent molecules, but an unidentical X-ray diffraction pattern as well. This means that they are not isomorphous. The complex Y(N03)3(TRIPA)2(acetone) excists in two isomeric forms. They have the same molecular formula. Their X-ray diffraction patterns and the NMR spectra (see Table V ) are different. The type I complex is formed when the metal to ligand ratio is high (1:2). Type II needs a low ratio (1:6). Type II is also formed if the initial ratio is low. In the system Y(N03)3-TRIPA-acetone one cannot isolate a complex with more than two or less than one TRIPA per yttrium.
Solvent molecules
In the complexes M(N03)3(TRIPA)2(solvent) the solvent molecules are undoubtedly present as inclusions. If the solvent molecules do coordinate, they should be strongly coordinated. However, there is no shift in the N-0 and C-0 stretching frequencies, indicating as most a weak coordination [15] to the metal ions. Using CH3OH or CH3CN as solvents complexes could be made, wich readely loose a large part of the solvent molecules initially present. There is a difference in shape between the solvent molecules. Acetone and nitromethane have a triangular shape. Methanol and methylcyanide are linear molecules. We conclude, that there is a hole in the structure of these complexes in wich a solvent molecule fits. From this hole the triangular solvents cannot and the linear solvents can escape.
Nitrate groups
In the complexes Y(N03)3(TRIPA) and M(N03)3(TRIPA)2(solvent), there is more than one kind of N03 -groups present. The NO3 -absorption bands in the IR spectra (see Table III ) and the relative intensities lead us to the following. In Y(N03)3(TRIPA) there are two bidentate and one monodentate or non-coordinating nitrate groups. In the complexes M(N03)3(TRIPA)2(solvent) there are two non-coordinating and one mono-or bidentate nitrate groups. In the type II Y(N03)3(TRIPA)2-(acetone) complex there exists an even more complex situation. The nitrate part of the IR spectrum shows a number of splittings (see Table III ). The nitrate groups in M(N03)3(TRIPA)3(acetone) are present as free ions, they are non-coordinating.
Coordination numbers
In Y(N03)3(TRIPA) the Y ion is surrounded by seven or eight oxygen atoms: three oxygen atoms of TRIPA and four from the two bidentate nitrate groups. The eighth oxygen atom belongs to the third non-coordinating of monodentate nitrate group. In the complexes M(N03)3(TRIPA)2(solvent), possibly with exception of the type II Y(N03)3(TRIPA)2-(acetone) complex, the coordination number of the central ions is also seven or eight. Six oxygens are from TRIPA, the seventh and eighth oxygen atom stems from one mono-or bidentate N03 _ group. In the compounds M(N03)3(TRIPA)3(acetone) there are six oxygen atoms coordinated to the central ions. Two of each three oxygen atoms from each TRIPA.
Conformation of TRIPA
There are a number of differences between the TRIPA parts of the IR spectra of the complexes, resulting in a classification in four groups (see Table IV , Fig. 1 ). These differences cannot be attributed to changes in symmetry. Since TRIPA has at most Cs symmetry -a mirror plane through the central PON group -all vibration modes are already IR active. The facts indicate, that the conformation of the TRIPA molecules in the four groups of complexes is different.
The differences found will be ascertained by X-ray structure determinations. That being done the IR spectra may yield more information for following investigations.
Further investigations already in progress are extension of the series of lanthanide-nitrate complexes, preparing solvent free complexes M(N03)3-(TRIPA)2 and preparing lanthanide-chloride complexes.
